This paper presents a search for new particles in events with one lepton (electron or muon) and missing transverse momentum using 20.3 fb −1 of proton-proton collision data at √ s = 8 TeV recorded by the ATLAS experiment at the Large Hadron Collider. No significant excess beyond Standard Model expectations is observed. A W ′ with Sequential Standard Model couplings is excluded at the 95% confidence level for masses up to 3.24 TeV. Excited chiral bosons (W * ) with equivalent coupling strengths are excluded for masses up to 3.21 TeV. In the framework of an effective field theory limits are also set on the dark matter-nucleon scattering cross-section as well as the mass scale M * of the unknown mediating interaction for dark matter pair production in association with a leptonically decaying W .
Contents 1 Introduction
High-energy collisions at CERN's Large Hadron Collider (LHC) provide new opportunities to search for physics beyond the Standard Model (SM). This paper describes such a search in events containing a lepton (electron or muon) and missing transverse momentum using 8 TeV pp collision data collected with the ATLAS detector during 2012, corresponding to a total integrated luminosity of 20.3 fb −1 .
The first new-physics scenario that is considered in this paper is the Sequential Standard Model (SSM), the extended gauge model of ref. [1] . This model proposes the existence of additional heavy gauge bosons, of which the charged ones are commonly denoted W ′ . The W ′ has the same couplings to fermions as the SM W boson and a width that increases linearly with the W ′ mass. The coupling of the W ′ to W Z is set to zero. Similar searches [2] [3] [4] [5] [6] [7] have been performed using √ s = 1.96 TeV pp collision data by the CDF Collaboration, √ s = 7 TeV pp collision data by the ATLAS Collaboration as well as √ s = 7 TeV and √ s = 8 TeV data by the CMS Collaboration.
The second new-physics scenario that is considered originates from ref. [8] and proposes the existence of charged partners, denoted W * , of the chiral boson excitations described in ref. [9] . The anomalous (magnetic-moment type) coupling of the W * leads to kinematic distributions significantly different from those of the W ′ as demonstrated in the previous ATLAS search [7] that was performed using 7 TeV pp collision data collected in 2011 corresponding to an integrated luminosity of 4.7 fb −1 . In the analysis presented in this paper the search region is expanded to higher masses and the sensitivity is considerably improved in the region covered by the previous search.
The third new-physics scenario considered is of direct production of weakly interacting candidate dark matter (DM) particles. These particles can be pair-produced at the LHC, pp → χχ, via a new intermediate state. Since DM particles do not interact with the detector material, these events can be detected if there is associated initial-state radiation of a SM particle [10] [11] [12] [13] . The Tevatron and LHC collaborations have reported limits on the cross-section of pp/pp → χχ + X where X is a hadronic jet [14-16], a photon [17, 18] , a hadronically decaying W or Z boson [19] or a leptonically decaying Z boson [20] . Previous LHC results have also been reinterpreted to set limits on the scenario where X is a leptonically decaying W boson [21] . This analysis is the first direct ATLAS search for this case. Limits are reported for the DM-nucleon scattering cross-section as well as the mass scale, M * , of a new SM-DM interaction expressed in an effective field theory (EFT) as a four-point contact interaction [22] [23] [24] [25] [26] [27] . As discussed in the literature, e.g. refs. [28, 29] , the EFT formalism is not always an appropriate approximation but this issue is not addressed any further in this paper. Four effective operators are used as a representative set based on the definitions in ref. [13] : D1 scalar, D5 vector (both constructive and destructive interference cases are considered, the former denoted by D5c and the latter by D5d) and D9 tensor.
The analysis presented here identifies event candidates in the electron and muon channels, sets separate limits and then combines these assuming a common branching fraction for the two final states. The kinematic variable used to identify the signal is the transverse mass m T = 2p T E miss T (1 − cos ϕ ℓν ), (1.1) where p T is the lepton transverse momentum, E miss T is the magnitude of the missing transverse momentum vector and ϕ ℓν is the angle between the p T and E miss T vectors. 1 The main background to the W ′ , W * and DM signals comes from the tail of the m T distribution from SM W boson production with decays to the same final state. Other relevant backgrounds are Z boson production with decays into two leptons where one lepton is not reconstructed, W or Z production with decays to τ leptons where a τ subsequently decays to either an electron or a muon, and diboson production. These are collectively referred to as the electroweak (EW) background. There is also a contribution to the background from tt and single-top production, collectively referred to as the top background, which is most important for the lowest W ′ /W * masses considered here, where it constitutes about 10% of the background after event selection in the electron channel and 15% in the muon channel. Other relevant strong-interaction background sources occur when a light or heavy hadron decays semileptonically or when a jet is misidentified as an electron or muon. These are referred to as the multi-jet background in this paper.
The ATLAS detector [30] is a multi-purpose particle physics detector with a forwardbackward symmetric cylindrical geometry and nearly 4π coverage in solid angle. The AT-LAS detector has three major components: the inner tracking detector (ID), the calorimeter and the muon spectrometer (MS). Tracks and vertices of charged particles are reconstructed with silicon pixel and silicon microstrip detectors covering |η| < 2.5 and straw-tube transition radiation detectors covering |η| < 2.0, all immersed in a homogeneous 2 T magnetic field provided by a superconducting solenoid. The ID is surrounded by a hermetic calorimeter that covers |η| < 4.9 and provides three-dimensional reconstruction of particle showers. The electromagnetic calorimeter is a liquid argon (LAr) sampling calorimeter, which uses lead absorbers for |η| < 3.2 and copper absorbers in the very forward region. The hadronic sampling calorimeter uses plastic scintillator tiles as the active material and iron absorbers in the region |η| < 1.7. In the region 1.5 < |η| < 4.9, liquid argon is used as the active material, with copper and/or tungsten absorbers. The MS surrounds the calorimeters and consists of three large superconducting toroid systems (each with eight coils) together with multiple layers of trigger chambers up to |η| < 2.4 and tracking chambers, providing precision track measurements, up to |η| < 2.7.
Trigger and reconstruction
The data used in the electron channel were recorded with a trigger requiring the presence of an energy cluster in the EM compartment of the calorimeter (EM cluster) with E T > 120 GeV. For the muon channel, matching tracks in the MS and ID with combined p T > 36 GeV are used to select events. In order to compensate for the small loss in the selection efficiency at high p T due to this matching, events are also recorded if a muon with p T > 40 GeV and |η| < 1.05 is found in the MS. The average trigger efficiency (measured with respect to reconstructed objects) is above 99% in the electron channel and 80%-90% in the muon channel for the region of interest in this analysis.
Each EM cluster with E T > 125 GeV and |η| < 1.37 or 1.52 < |η| < 2.47 is considered as an electron candidate if it is matched to an ID track. The region 1.37 ≤ |η| ≤ 1.52 exhibits degraded energy resolution due to the transition from the central region to the forward regions of the calorimeters and is therefore excluded. The track and the cluster must satisfy a set of identification criteria that are optimised for the conditions of many proton-proton collisions in the same or nearby beam bunch crossings (in-time or out-oftime pile-up, respectively) [31] . These criteria require the shower profiles to be consistent with those expected for electrons and impose a minimum requirement on the amount of transition radiation that is present. In addition, to suppress background from photon conversions, a hit in the first layer of the pixel detector is required if an active pixel sensor is traversed. The electron's energy is obtained from the calorimeter measurements while its direction is obtained from the associated track. In the high-E T range relevant for this analysis, the electromagnetic calorimeter energy resolution is measured in data to be 1.2% in the central region and 1.8% in the forward region [32] . These requirements result in about a 90% identification efficiency for electrons with E T > 125 GeV.
Muons are required to have a p T > 45 GeV, where the momentum of the muon is obtained by combining the ID and MS measurements. To ensure an accurate measurement of the momentum, muons are required to have hits in three MS layers and are restricted to the ranges |η| < 1.0 and 1.3 < |η| < 2.0. Some of the chambers in the region 1.0 < |η| < 1.3
were not yet installed, hence the momentum resolution of MS tracks is degraded in this region. Including the muon candidates with an η-range 2.0 < |η| < 2.5 would lead to an increase in the signal selection efficiency of up to 12% for lower W ′ masses and of up to 3% for a W ′ mass of 3 TeV. However, the background levels in the signal region would increase by more than 15%. Therefore, the previously stated η restrictions are retained. For the final selection of good muon candidates, the individual ID and MS momentum measurements are required to be in agreement within 5 standard deviations. The average momentum resolution is about 15%-20% at p T = 1 TeV. About 80% of the muons in the η-range considered are reconstructed, with most of the loss coming from regions without three MS layers.
The E miss T in each event is evaluated by summing over energy-calibrated physics objects (jets, photons and leptons) and adding corrections for calorimeter deposits not associated with these objects [33] .
This analysis makes use of all of the √ s = 8 TeV data collected in 2012 for which the relevant detector systems were operating properly and all data quality requirements were satisfied. The integrated luminosity of the data used in this study is 20.3 fb −1 for both the electron and muon decay channels. The uncertainty on this measurement is 2.8%, which is derived following the methodology detailed in ref.
[34].
Monte Carlo simulation
With the exception of the multi-jet background, which is estimated from data, expected signals and backgrounds are evaluated using simulated Monte Carlo samples and normalised using the calculated cross-sections and the integrated luminosity of the data. The W ′ signal events are generated at leading order (LO) with Pythia v8.165 [35, 36] using the MSTW2008 LO [37] parton distribution functions (PDFs). Pythia is also used for the fragmentation and hadronisation of W * → ℓν events that are generated at LO with CalcHEP v3.3.6 [38] using the CTEQ6L1 PDFs [39] . DM signal samples are generated at LO with Madgraph5 v1.4.5 [40] using the MSTW2008 LO PDFs, interfaced to Pythia v8.165.
The W/Z boson and tt backgrounds are generated at next-to-leading order (NLO) with Powheg-Box r1556 [41] using the CT10 NLO [42] PDFs. For the W/Z backgrounds, fragmentation and hadronisation is performed with Pythia v8.165, while for tt Pythia v6.426 is used. The single-top background is generated at NLO with MC@NLO v4.06 [43] using the CT10 NLO PDFs for the W t-and s-channels, and with AcerMC v3.8 [44] using the CTEQ6L1 PDFs for the t-channel. Fragmentation and hadronisation for the MC@NLO samples are performed with Herwig v6.520 [45] , using Jimmy v4.31 [46] for the underlying event, whereas Pythia v6.426 is used for the AcerMC samples. The W W , W Z and ZZ diboson backgrounds are generated at LO with Sherpa v1.4.1 [47] using the CT10 NLO PDFs.
The Pythia signal model for W ′ has V −A SM couplings to fermions but does not include interference between the W and W ′ . For both W ′ and W * , decay channels beside eν and µν, notably τ ν, ud, sc and tb, are included in the calculation of the widths but are not explicitly included as signal or background. At high mass (m W ′ > 1 TeV), the total width is about 3.5 % of the pole mass, and the branching fraction to each of the lepton decay channels is 8.2%.
For all samples, final-state photon radiation from leptons is handled by Photos [48] . The ATLAS full detector simulation [49] based on Geant4 [50] is used to propagate the particles and account for the response of the detector. For the underlying event, the AT-LAS tune AUET2B [51] is used for Pythia 6 and AU2 [52] is used for Pythia 8, while AUET2 [53] is used for the Herwig with Jimmy. The effect of pile-up is incorporated into the simulation by overlaying additional minimum-bias events generated with Pythia onto the generated hard-scatter events. Simulated events are weighted to match the distribution of the number of interactions per bunch crossing observed in data, but are otherwise reconstructed in the same manner as data.
The W → ℓν and Z → ℓℓ cross-sections are calculated at next-to-next-to-leading order (NNLO) in QCD with ZWPROD [54] using MSTW2008 NNLO PDFs. Consistent results are obtained using VRAP v0.9 [55] and FEWZ v3.1b2 [56, 57] . Higher-order electroweak corrections are calculated with MCSANC [58] . Mass-dependent K-factors obtained from the ratios of the calculated higher-order cross-sections to the cross-sections of the generated samples are used to scale W + , W − and Z backgrounds separately. The W ′ → ℓν crosssections are calculated in the same way, except that the electroweak corrections beyond final-state radiation are not included because the calculation for the SM W cannot be applied directly. Cross sections for W * → ℓν are kept at LO due to the non-renormalisability of the model at higher orders in QCD. The tt cross-section is also calculated at NNLO including resummation of next-to-next-to-leading logarithmic (NNLL) soft gluon terms obtained with Top++ v2.0 [59] [60] [61] [62] [63] [64] for a top quark mass of 172.5 GeV. The W ′ , W * , and DM particle signal cross-sections are listed in tables 1 and 2. The most important background cross-sections are listed in table 3.
Uncertainties on the W ′ cross-section and the W/Z background cross-sections are estimated from variations of the renormalisation and factorisation scales, PDF+α s variations and PDF choice. The scale uncertainties are estimated by varying both the renormalisation and factorisation scales simultaneously up or down by a factor of two. The resulting maximum variation from the two fluctuations is taken as the symmetric scale uncertainty. The PDF+α s uncertainty is evaluated using 90% confidence level (CL) eigenvector and 90% CL α s variations of the nominal MSTW2008 NNLO PDF set and combined with the scale uncertainty in quadrature. The PDF choice uncertainty is evaluated by comparing the central values of the MSTW2008 NNLO, CT10 NNLO, NNPDF 2.3 NNLO [65] , ABM11 5N NNLO [66] and HERAPDF 1.5 NNLO [67] PDF sets. The envelope of the PDF central value comparisons and the combination of the scale and PDF+α s uncertainties is taken as Table 2 . Predicted values of σB for DM signal with different mass values, m χ . The values of M * used in the calculation for a given operator are also shown. The cross-sections are at LO, and the values are given for the sum of three lepton flavours ℓ = e, µ, τ . Table 3 . Predicted values of σB for the leading backgrounds. The value for tt → ℓX includes all final states with at least one lepton (e, µ or τ ). The others are exclusive and are used for both ℓ = e and ℓ = µ. All cross-sections are at NNLO.
DM production
the total uncertainty on the differential cross-section as a function of the invariant mass of the lepton-neutrino system (m ℓν ). The PDF and α s uncertainties on the tt cross-section are calculated using the PDF4LHC prescription [68] with the MSTW2008 68% CL NNLO, CT10 NNLO and NNPDF2.3 5f FFN PDF error sets added in quadrature to the scale uncertainty. The systematic uncertainty arising from the variation of the top mass by ±1 GeV is also added in quadrature. An additional uncertainty on the differential cross-section due to the beam energy uncertainty is calculated as function of m ℓν for the charged-current Drell-Yan process with VRAP at NNLO using CT10 NNLO PDFs by taking a 0.66% uncertainty on the energy of each 4 TeV proton beam as determined in ref. [69] . The size of this uncertainty is observed to be about 2% (6%) at m ℓν = 2 (3) TeV. The calculated uncertainties are propagated to both the W and W ′ /W * processes in order to derive uncertainties on the background levels as well as the signal selection efficiencies in each signal region.
Uncertainties are not reported on the cross-sections for the W * due to the breakdown of higher-order corrections for non-renormalisable models. However, uncertainties on the signal selection efficiency for the W * are evaluated using the same relative differential crosssection uncertainty as for the W ′ . Uncertainties on DM production are evaluated using 68% confidence level eigenvector variations of the nominal MSTW2008 LO PDF set as in [19] .
Event selection
The primary vertex for each event is required to have at least three tracks with p T > 0.4 GeV and to have a longitudinal distance less than 200 mm from the centre of the collision region. There are on average 20.7 interactions per event in the data used for this analysis. The primary vertex is defined to be the one with the highest summed track p 2 T . Spurious tails in the E miss T distribution, arising from calorimeter noise and other detector problems are suppressed by checking the quality of each reconstructed jet and discarding events containing reconstructed jets of poor quality, following the description given in ref. [70] . In addition, the ID track associated with the electron or muon is required to be compatible with originating from the primary vertex by requiring that the transverse distance of closest approach, d 0 , satisfies |d 0 | < 1 (0.2) mm and longitudinal distance, z 0 , satisfies |z 0 | < 5 (1) mm for the electron (muon). Events are required to have exactly one electron candidate with E T > 125 GeV or one muon candidate with p T > 45 GeV satisfying these requirements and the identification criteria described in section 3. In the electron channel, events having additional electrons with E T > 20 GeV, passing all electron identification criteria, are discarded. Similarly, in the muon channel, events having additional muon candidates with a p T threshold of 20 GeV are discarded.
To suppress the multi-jet background, the lepton is required to be isolated. In the electron channel, the isolation energy is measured with the calorimeter in a cone ∆R = (∆η) 2 + (∆ϕ) 2 = 0.2 around the electron track, and the requirement is ΣE calo T < 0.007 × E T + 5 GeV, where the sum includes all calorimeter energy clusters in the cone excluding those that are attributed to the electron. The scaling of the isolation requirement with the electron E T reduces the efficiency loss due to radiation from the electron at high E T . In the muon channel, the isolation energy is measured using ID tracks with p trk T > 1 GeV in a cone ∆R = 0.3 around the muon track. The isolation requirement is p trk T < 0.05 × p T , where the muon track is excluded from the sum. As in the electron channel, the scaling of the isolation requirement with the muon p T reduces the efficiency loss due to radiation from the muon at high p T .
An E miss T requirement is imposed to select signal events and to further suppress the contributions from the multi-jet and SM W backgrounds. In both channels, the requirement placed on the charged lepton p T is also applied to the E miss T : E miss T > 125 GeV for the electron channel and E miss T > 45 GeV for the muon channel. The multi-jet background around the Jacobian peak of the m T distribution is evaluated using the matrix method as described in ref. [71] in both the electron and muon channels. The high-mass tail of the distribution is then fitted by a power-law function in order to determine the level of the multi-jet background in the region used to search for new physics. In the electron channel, the multi-jet background constitutes about 2%-4% of the total background at high m T . Consistent results are obtained using the inverted isolation technique described in ref. [5] . In the muon channel, the multi-jet background constitutes about 1%-3% of the total background at high m T . The uncertainty of the multi-jet background is determined by varying the selection requirements used to define the control region and by varying the m T threshold of the fitting range used in the extrapolation to high m T .
The same reconstruction criteria and event selection are applied to both the data and simulated samples. Figure 1 shows the p T , E miss T , and m T spectra for each channel after event selection for the data, the expected background and three examples of W ′ signals at different masses. Prior to investigating if there is evidence for a signal, the agreement between the data and the predicted background is established for events with m T < 252 GeV, the lowest m T threshold used to search for new physics. The optimisation of the m T thresholds for event selection is described below. The agreement between the data and expected background is good. Table 4 shows an example of how different sources contribute to the background for m T > 1500 GeV, the region used to search for a W ′ with a mass of 2000 GeV. The W → ℓν background is the dominant contribution for both the electron and muon channels. The Z → ℓℓ background in the electron channel is smaller than in the muon channel due to calorimeters having larger η coverage than the MS, and the electron energy resolution being better than the muon momentum resolution at high p T .
[GeV] 
where L int is the integrated luminosity of the data sample, ε sig is the signal selection efficiency defined as the fraction of signal events that satisfy the event selection criteria as well as m T > m Tmin , N bkg is the expected number of background events, and σB is the cross-section times branching fraction. Using Poisson statistics, the likelihood to observe N obs events is
Uncertainties are included by introducing nuisance parameters θ i , each with a probability density function g i (θ i ), and integrating the product of the Poisson likelihood with the probability density function. The integrated likelihood is
where a log-normal distribution is used for the g i (θ i ). The nuisance parameters are taken to be: L int , ε sig and N bkg , with the appropriate correlation accounted for between the first and the third parameters. The measurements in the two decay channels are combined assuming the same branch-ing fraction for each. Equation (6. 3) remains valid with the Poisson likelihood replaced by the product of the Poisson likelihoods for the two channels. The integrated luminosities for the electron and muon channels are fully correlated. For W ′ /W * → ℓν the signal selection efficiencies and background levels are partly correlated with each other and between the two channels due to the full correlation of the cross-section uncertainties. If these correlations were not included, the observed σB limits would improve by 25%-30% for the lowest mass points, a few percent for the intermediate mass points and by about 10% for the highest mass points. Bayes' theorem gives the posterior probability that the signal has signal strength σB:
where P prior (σB) is the assumed prior probability, here chosen to be flat in σB, for σB > 0. The constant factor N normalises the total probability to one. The posterior probability is evaluated for each mass and decay channel as well as for their combination, and then used to set a limit on σB.
The inputs for the evaluation of L B (and hence P post ) are L int , ε sig , N bkg , N obs and the uncertainties on the first three. The uncertainties on ε sig and N bkg account for experimental and theoretical systematic effects as well as the statistics of the simulated samples. The experimental systematic uncertainties include those on the efficiencies of the electron or muon trigger, reconstruction and event/object selection. Uncertainties in the lepton energy/momentum and E miss T , characterised by scale and resolution uncertainties, are also included. Performance metrics are obtained in-situ using well-known processes such as Z → ℓℓ [31, 72, 73] . Since most of these performance metrics are measured at relatively low p T their values are extrapolated to the high-p T regime relevant to this analysis using MC simulation. The uncertainties in these extrapolations are included but are too small to significantly affect the results. Table 5 summarises the uncertainties on the event selection efficiencies and the expected number of background events for the W ′ → ℓν signal with m W ′ = 2000 GeV using m T > 1500 GeV, and W * signal with m W * = 2000 GeV using m T > 1337 GeV. 
Results
The inputs for the evaluation of L B are listed in tables 6, 7 and 8. The uncertainties on ε sig and N bkg account for all relevant experimental and theoretical effects except for the uncertainty on the integrated luminosity. The latter is included separately and is correlated between signal and background. The tables also list the predicted numbers of signal events, N sig , with their uncertainties accounting for the uncertainties in both ε sig and the cross-section calculation. The maximum value for the signal selection efficiency is at m W ′ = 2000 GeV. For lower masses, the efficiency falls because the relative m T threshold, m Tmin /m W ′ , increases in order to reduce the background level. The contribution from W ′ → τ ν with a leptonically decaying τ is neglected. It would increase the signal yield by 2%-3% for the highest masses. The background level is estimated for each mass by summing over all of the background sources. The number of observed events is generally in good agreement with the expected number of background events for all mass bins. None of the observations for any mass point in either channel or their combination show a significant excess above background, so there is no evidence for the observation of either W ′ → ℓν or W * → ℓν. A deficit in the number of observed events with respect to the expected number of background events is observed in the muon channel. This deficit has at most a 2.2σ local significance. Tables 9 and 10 and figure 2 present the 95% confidence level (CL) observed limits on σB for both W ′ → ℓν and W * → ℓν in the electron channel, the muon channel and their combination. The tables also give the limits obtained without systematic uncertainties. Limits with various subsets of the systematic uncertainties are shown for W ′ → ℓν as a representative case. The uncertainties on the signal selection efficiency have very little effect on the final limits, and the background-level and luminosity uncertainties are important only for the lowest masses. Figure 2 also shows the expected limits and the theoretical σB for a W ′ and for a W * . Limits are evaluated by fixing the W * coupling strengths to give the same partial decay widths as the W ′ . The off-shell production of W ′ degrades the acceptance at high mass, worsening the limits. As discussed in chapter 1, W * has different couplings with respect to W ′ , enhancing the production at the pole. Since the off-shell production is reduced with respect to W ′ , the W * limits do not show the same behaviour at high mass.
In figure 2 the intersection between the central theoretical prediction and the observed limits provides the 95% CL lower limits on the mass. The expected and observed W ′ and W * mass limits for the electron and muon decay channels as well as their combination are listed in table 11. The difference between the expected and observed combined mass limits originate from the slight data deficit in each decay channel that are individually not significant. The band around the theoretical prediction in figure 2 indicates the total theory uncertainty as described earlier in the text. The mass limit for the W ′ decreases by 50 GeV if the intersection between the lower theoretical prediction and the observed limit is used. The uncertainties on ε sig , N bkg and L int affect the derived mass limits by a similar amount. Limits are also evaluated following the CL s prescription [74] using the profile likelihood ratio as the test statistic including all uncertainties. The cross-section limits are found to agree within 10% across the entire mass range, with only marginal impact on the mass limit. The mass limits presented here are a significant improvement over those reported in previous ATLAS and CMS searches [4] [5] [6] [7] .
The results of the search for pair production of DM particles in association with a leptonically decaying W boson are shown in figures 3 and 4. The former shows the observed limits on M * , the mass scale of the unknown mediating interaction for the DM particle pair production, whereas the latter shows the observed limits on the DM-nucleon scattering cross-section. Both are shown as a function of the DM particle mass, m χ , and presented at 90% CL. Results of the previous ATLAS searches for hadronically decaying W/Z [19], leptonically decaying Z [20], and j + χχ [15] are also shown. The observed limits on M * as a function of m χ are by a factor ∼1.5 stronger in the search for DM production in association with hadronically decaying W with respect the ones presented in this paper. Table 9 . Observed upper limits on σB for W ′ and W * with masses up to 2000 GeV. The first column is the W ′ /W * mass and the following columns refer to the 95% CL limits for the W ′ with headers indicating the nuisance parameters for which uncertainties are included: S for the event selection efficiency (ε sig ), B for the background level (N bkg ), and L for the integrated luminosity (L int ). The column labelled SBL includes all uncertainties neglecting correlations. Results are also presented when including the correlation of the signal and background cross-section uncertainties, as well as the correlation of the background cross-section uncertainties for the combined limits (SB c , SB c L). The last two columns show the limits for the W * without nuisance parameters and when including all nuisance parameters with correlations. [GeV] , and with direct detection searches by CoGeNT [75] , XENON100 [76] , CDMS [77, 78] , LUX [79] , COUPP [80] , SIMPLE [81] , PICASSO [82] and IceCube [83] . The comparison between direct detection and ATLAS results is only possible within the limits of the validity of the EFT [84] .
Conclusions
A search is presented for new high-mass states decaying to a lepton (electron or muon) plus missing transverse momentum using 20.3 fb −1 of proton-proton collision data at √ s = [34] ATLAS Collaboration, Improved luminosity determination in pp collisions at √ s = 7 TeV using the ATLAS detector at the LHC, Eur. Phys. J. The ATLAS Collaboration
